Background: Hospitalized patients with diabetes are at risk of complications and longer length of stay (LOS). Inpatient Diabetes Management Services (IDMS) are known to be beneficial; however, their impact on patient care measures in community, non-teaching hospitals, is unknown. Objectives: To evaluate whether co-managing patients with diabetes by the IDMS team reduces LOS and 30-day readmission rate (30DR). Methods: This retrospective quality improvement cohort study analyzed LOS and 30DR among patients with diabetes admitted to a community hospital. The IDMS medical team consisted of an endocrinologist, nurse practitioner, and diabetes educator. The comparison group consisted of hospitalized patients with diabetes under standard care of attending physicians (mostly internal medicine-trained hospitalists). The relationship between study groups and outcome variables was assessed using Generalized Estimating Equation models. Results: 4,654 patients with diabetes (70.8 ± 0.2 years old) were admitted between January 2016 and May 2017. The IDMS team co-managed 18.3% of patients, mostly with higher severity of illness scores (p < 0.0001). Mean LOS in patients co-managed by the IDMS team decreased by 27%. Median LOS decreased over time in the IDMS group (p = 0.046), while no significant decrease was seen in the comparison group. Mean 30DR in patients comanaged by the IDMS decreased by 10.71%. Median 30DR decreased among patients comanaged by the IDMS (p = 0.048). Conclusions: In a community hospital setting, LOS and 30DR significantly decreased in patients co-managed by a specialized diabetes team. These changes may be translated into considerable cost savings.
Introduction
Diabetes mellitus is a common disease that is prevalent in 9.4% of the USA population, or about 30.3 million people [1] , while many remain undiagnosed [1, 2] . Most affected people have type 2 diabetes (90-95%), and there is a higher prevalence of diabetes in elderly and obese patients [2, 3] . The high prevalence of diabetes and its complications make it a common comorbid condition in hospitalized patients [2] . Uncontrolled glycemia due to diabetes is associated with adverse outcomes including death [4] [5] [6] . Compared to patients without diabetes, those with diabetes may require more hospitalizations per year, have a longer length of stay (LOS), and have more hospital complications and mortality rates [2, 7] .
Diabetes is an expensive disease. The estimated cost of diagnosed diabetes care in the U.S. was $327 billion in 2017 [8, 9] , and a major proportion of this expense was from hospitalizations and medications [10] . Thus, hospitals may be under pressure to cut healthcare costs given limited resources. The Centers of Medicare and Medicaid Services (CMS) in collaboration with a number of U.S. states is implementing initiatives which would 'incentivize hospitals to reduce avoidable readmissions by linking rewards and penalties to improvements in readmissions rates, and to the attainment of relatively low readmission rates' [11] . On January 1 st 2014, the State of Maryland started a new All-Payer Model demonstration contract with the CMS Innovation Center, called the Readmission Reduction Incentive Program [11] . This may create financial incentives for hospitals to reduce readmissions and hospital utilization [12] .
The Disease Management Association of America identifies diabetes as one of the chronic conditions with the greatest potential for management [3] . A number of studies have evaluated the impact of a specialized endocrinology/diabetes team on the glycemic control of hospitalized patients and their LOS [13] [14] [15] , and some found that such teams decrease of LOS [16, 17] .
To our knowledge, however, no study has evaluated the effects of implementing such a team at a community, non-teaching hospital. While nonteaching hospitals greatly outnumber teaching hospitals in the US, it has been suggested that patient outcomes in non-teaching hospitals are worse [18] . One possibly for this discrepancy may be that innovative and effective practices enacted at major academic centers are slower to be implemented at smaller non-teaching hospitals. However, as scope, staffing, and resources are often significantly smaller at non-teaching community hospitals as compared to major academic centers, it is vital to evaluate which strategies deemed effective at the university level can be successfully implemented, efficacious, and cost-effective in the community hospital setting.
Suburban Hospital, a 240-bed community hospital in suburban Maryland, implemented an Inpatient Diabetes Management Service (IDMS) at the end of 2015, designed after a successful model at Johns Hopkins Hospital in Baltimore, Maryland [19] .
This retrospective quality improvement cohort study investigated the impact of the IDMS on LOS and 30-day readmission rates (30DR) for patients with diabetes admitted to Suburban Hospital over a 17-month period. The hypothesis was that patients co-managed by providers from the IDMS team would have reduced LOS and 30DR.
Materials and methods

Study population
Diabetes mellitus was defined as any medical International Statistical Classification of Diseases and Related Health Problems (ICD-10) listed as discharge diagnosis (primary or secondary), based on the provider's documentation. The following ICD-10 codes were used: E08 (Diabetes mellitus due to underlying condition), E09 (Drug or chemical induced diabetes mellitus), E10 (Type 1 diabetes), E11 (Type 2 diabetes), or E13 (Other specified diabetes). De-identified hospitalized patient data were extracted from the electronic medical records between 1 January 2016, and 31 May 2017.
Exposure: Inpatient Diabetes Management Service (IDMS)
Implementation of the IDMS
The IDMS at the study hospital was implemented at the end of 2015. A detailed timeline of the IDMS implementation is presented in Figure 1 . The IDMS model had three goals: (1) using structured knowledge dissemination, engage and educate hospital staff on the methods and importance of best practice inpatient glycemic management; (2) develop policies and clinical decision aids from evidence-based inpatient glucose management studies, and (3) assess process measures, as well as glucometric, clinical, and economic outcomes to determine intervention effectiveness. [19, 20] , was established in January 2016. It incorporated nursing staff from most hospital units. This active group of 'diabetes champions' provided oneon-one and group education sessions for all other nurses using a 'train-the-trainer' approach to increase nurses' exposure to this information. Every nursing unit was supplied with 'diabetes education kits' that contain the tools needed for teaching patients to monitor and track their blood glucose.
2.2.1.4. Hypoglycemia policy. A formal evidencebased hypoglycemia protocol and nurse-driven treatment algorithm were developed to provide safe and effective management of hypoglycemia throughout the hospital.
2.2.1.5. Targeted education and clinical decision support. Hospital-wide glucose policies were coupled with targeted education and clinical decision support to facilitate policy acceptance and uptake by staff.
Medical providers from the IDMS team provided 48 interactive educational lectures, 'lunch-n-learns' and 'in-services' for medical and nursing staff during the study period. Examples of the topics include: basal-bolus insulin therapy, hypoglycemia and steroid-induced hyperglycemia treatment, perioperative glycemic management, diabetes ketoacidosis, transitioning of patients from intravenous insulin infusion to subcutaneous injections, discharge instructions for patients with diabetes, and managing patients on insulin pumps. iPad tablets preloaded with diabetes information have also been made available to patients and hospital staff.
2.2.1.6. Fine tune your diabetes class. The Suburban Hospital Community Health and Wellness Department created an educational program in May 2016, in which selected patients could be 'prescribed' a 'Fine Tune Your Diabetes' class that they would attend after being discharged. During this one-time session, certified diabetes educators and pharmacists discussed important components of diabetes care such as exercise, proper nutrition, and emotional and physical concerns. One-on-one sessions were offered, where each patient set his or her diabetes goals and learned to properly track their glucose levels.
2.2.1.7. Uniform subcutaneous insulin order set. The uniform subcutaneous insulin order set was updated and made available for all medical providers. 
Identification of patients co-managed by the IDMS team
Patients co-managed by the IDMS medical providers were identified by the 'type' of endocrinology consultation note placed by one of the IDMS medical providers and unique billing area code. The following 'consultation trigger' guidelines were given to medical staff to request diabetes consultation from the medical IDMS team: (1) uncontrolled glycemia (glucose < 60 mg/dL, or glucose > 250 mg/dL); (2) uncontrolled diabetes in patients who recently underwent cardiac surgery; (3) high dose of glucocorticoids therapy; (3) newly diagnosed type 1 diabetes mellitus, admitted with diabetic ketoacidosis; (4) newly diagnosed uncontrolled type 2 diabetes; (5) patients on an insulin pump. The majority of consultations were requested via an electronic medical record order system, while some were requested in person and/or over the phone/paging system.
Identification of comparison study group
The comparison group was hospitalized patients with diabetes who were not co-managed by the medical providers from the IDMS team. These patients were under standard care of attending physicians (mostly Internal Medicine-trained hospitalists).
Outcomes: length of stay and 30-day readmission rates
The Premier Quality Advisor™ Platform was used to perform the initial analysis. The arithmetic LOS was calculated from the admission and discharge date of each patient. 30DR were calculated by determining the number of patients who returned exclusively to the study hospital within 30 days, using a similar methodology as the CMS [22] . This rate excludes patients who expired on their first admission, were transferred to another facility or left against medical advice. The readmission rate includes only acute inpatients. Psychiatric, oncology and all observation patients were excluded. A 30-day cutoff for readmissions was chosen because it is conventionally referenced in existing readmission reports and is a publicly reported metric [22] , and it is also the cutoff used by the State of Maryland to measure financials and reimbursements [11] .
Calculation of potential cost savings
Potential cost savings based on LOS reduction were calculated using the following formula: Cost savings = ((LOS baseline -LOS month1 ) × N co-managed patients × Cost per one day of admission ) month1 + ((LOS baseline -LOS month2 ) × N co-managed patients × Cost per one day of admission ) month2 +… Average variable direct cost per admission ($3,500) and average LOS data (4.24 days during the period July-April 2017) were provided by the hospital's administration.
The severity of illness score
The All Patient Refined Severity Levels are proprietary to 3M Health Information Systems. This methodology assigns a severity of illness score (minor, moderate, severe, or extreme) based on information specific to the patient population, as previously described [23] .
Statistical analysis
Data are described as frequencies and percentages or mean ± SD, unless otherwise indicated. The Kolmogorov-Smirnov test was used to test normality in continuous variables. In addition, histograms, stem-and-leaf plots, probability-probability plots, and quantile-quantile plots were generated to evaluate the variable's distribution. Data were compared between the groups of patients (co-managed by the IDMS versus comparison group) using Chi-square tests for categorical variables, independent two
Generalized estimating equation models (GEE) were used to determine the significance of the data for LOS and 30DR, the relationship between patient consultation and outcome variables, and to account for multiple patient visits within the timeframe. Missing values were investigated and considered missing at random. Observations with missing values are automatically excluded from the GEE. Binomial distribution with a logit link function was used for readmission models. LOS was modelled with a negative binomial distribution. Percentage change in LOS and 30DR was computed based on the change from mean baseline to the last study month.
Three statistical models were used for this study. Each model analyzed the interaction between LOS and 30DR by factoring in different variables with the study group (patients co-managed by the IDMS team). Model 1 included study group, study month, and an interaction term between study group and study month only; Model 2 included Model 1 data plus sex, age, race, and ethnicity; Model 3 included Model 2 plus number of comorbidities, diabetes type, and disease severity. These models were used to assess the significance of a decrease in LOS and 30DR for the IDMS team. Results were tested against a comparison group, which was the patients with diabetes who were not co-managed by the IDMS team during the study period. Statistical analyses were performed using PROC FREQ (Chi-Square Tests), PROC NPAR1WAY (Wilcoxon Rank Sum Tests), PROC UNIVARIATE (Normality Tests and plots), and PROC GENMOD (GEE analysis) in SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA). Figures were generated using PROC SGPLOT and Microsoft PowerPoint.
Results
Demographics
Overall, the study population consisted of an elderly (median age 72 years), majority white (53.7%) population of patients with type 2 diabetes (94.7%) ( Table 1) . These patients had a significant number of comorbidities. The most prevalent were hypertension (51.8%), chronic kidney disease (31.6%), and heart failure (25.9%). Accordingly, the severity of illness was found to be major in 41.2% and extreme in 12.2%. The overall mortality rate was 3.5%.
There were several notable differences when comparing patients in the experimental group, comanaged by the IDMS team versus the control group. Patients in the experimental group were younger (median 67 vs. 73 years, p < 0.001), more likely to be male (55.8% vs. 50.8%, p = 0.02), more likely to have type 1 diabetes (9.3% vs. 1.5%, p < 0.0001), and had higher severity of illness scores (51% vs. 39.9% had major illness score, p < 0.0001). Mortality was lower in the IDMS patients (1.6% vs. 4%, p = 0.001). Table 1) . Over time, however, a statistically significant decrease in LOS was seen in the IDMS group, compared to the non-IDMS group (p = 0.046) (Table 2-Model 3). There was no significant change in LOS in the non-IDMS group. Mean LOS in patients co-managed by the IDMS team decreased from 7.8 days to 5.7 days over time (27% reduction) (Figure 2 ). Median LOS over the study period in patients co-managed by the IDMS team decreased as well (p = 0.046) (Figure 3 ).
Length of stay
30-day readmission rates
The 30DR in patients cared for by the IDMS team were higher (14.8% versus 11.2%; p = 0.005) ( Table 1) ; however, there was an observed significant decrease in readmissions for patients co-managed by the IDMS team versus non-IDMS patients (p = 0.048) ( Table  3 -Model 3). No statistical significance was found in the readmission rate of the comparison group. Mean 30DR in patients co-managed by the IDMS team decreased over time from 25% to 14.29% (10.71% reduction) (Figure 4 ).
The cost of care savings
Based on LOS decrease over time, the hospital had an estimated potential cost of care savings of $953,578.56 during the study period.
Discussion
This study found that despite higher LOS and 30DR among patients co-managed by a specialized IDMS team, reductions in both of these metrics were observed in patients co-managed by a specialized IDMS team in a community non-teaching hospital. The higher LOS and 30DR can likely be explained by the higher severity of illness in patients co-managed by the IDMS, as well as a greater proportion of patients with type 1 diabetes. Our findings are consistent with other studies on trends in LOS and 30DR in hospitalized patients with diabetes. A number of studies have found that patients with diabetes have overall higher LOS and/or 30DR [24] [25] [26] [27] [28] [29] [30] [31] [32] when compared to patients who do not have diabetes. Comino, et al. reported that readmission rates in 23,779 study patients with diabetes were between 2-6 times higher than those who did not have diabetes [24] . Mean LOS in patients admitted for over one day were 8.2 days in patients with diabetes and 7.1 days in those without. Additionally, patients with diabetes were found to be 24% more likely to be readmitted to a hospital in a yearlong period versus those without [24] . Drincic and colleagues studied 66,518 patient records and found that 30-day readmission rates for patients with diabetes were 20.1%, which was higher than the overall hospital readmission rate (14.6%) [26] .
Another study analyzed data from all 1,502 patients admitted to an acute medical unit in a hospital in the UK emphasized the relationship between dysglycemia, LOS, and 28-day readmissions regardless of the diagnosis of diabetes [33] . They found that high blood glucose levels in hospitalized patients were associated with worse outcomes concerning LOS, 28-day mortality, and 28-day readmission rates. Patients with blood glucose levels > 6.5 mmol/l (117.12 mg/dL) on admission had a significant difference in LOS when compared to those with blood glucose of < 6.5 mmol/l (117.12 mg/dL) on admission, where mean LOS was 10.8 days and 8.8 days, respectively [33] . Our findings are also consistent with the published literature, where about a quarter of all admitted hospital patients that have diabetes are more likely to originate from emergency departments [26, 34] , rather than planned admissions (e.g., planned surgery). Studies that evaluated specialized healthcare teams to manage patients with diabetes found that multidisciplinary and interactive teams were effective in providing improved care for patients with diabetes [8, 25, 26, 34, 35] . Increased diabetes education for healthcare providers and/or increased nursing training may be especially effective [8, 25, 36, 37] . When diabetes-related educational policies were targeted at nurses, medical providers, and patients, a decrease in LOS was observed . Most, but not all, studies have found associations between the presence of IDMS teams and reduced LOS and 30DR [8, 16, [24] [25] [26] 33, 34, 39] . Horton and colleagues evaluated the effects of a guideline-derived physician resident educational program on LOS and observed a decrease in LOS after the guidelines were implemented (5.03 days vs 6.98 days; P = 0.042) [16] .
Another study of 169 inpatients with diabetes found the adjusted LOS decreased by 25% (95% CI, 9%-44%) after a detailed subcutaneous insulin protocol and an admission order set was implemented [17] . Healy, et al emphasized the effect of patient diabetes education on decreasing 30-day readmission rates among patients with diabetes who received inpatient diabetes education consults versus those who did not (33 vs. 44%; p = 0.0001; unadjusted OR 0.62 [95% CI 0.48-0.80]; p = 0.0001) [39] . Bansal, et al., found that 30DR in noncritical medical units was reduced around 30% in diabetes patients when a specialized diabetes team was involved in inpatient diabetes care, and they found that a consultation from a specialized diabetes team within 24 hours of patient admission was associated with a significantly shorter LOS [34] .
Does better diabetes care translate into potential healthcare savings? Healthcare systems and providers already recognize the importance of decreasing the costs spent on diabetes care and comorbid complications. However, it is not often clear how much a hospital could save by decreasing the LOS and/or 30DR, given that multiple factors are used to calculate the cost of care for one patient, and the 'Global budget' initiative in Maryland [8] . Bansal et al estimated $2.9-$3.5 million in savings in 2011-2012 due to a decrease in 30DR after deployment of the specialized diabetes team [34] . This study estimated that decreasing diabetes patient LOS may have saved the case-hospital almost a million U.S. dollars.
Our study has limitations. As with all before-after study designs, it was not possible to make inferences regarding causation with respect to the implementation of the IDMS and the outcomes of interest, since other confounders may have been present during the study period and were not accounted for. Both study groups have been exposed to the implementation of hospital-wide glucose policies and educational initiatives. Our study may have a selection bias, as providers from the IDMS team were consulted on more sick and complex patients with diabetes. No information was available about the study patients being admitted to any other hospital.
Conclusions
Implementation of an IDMS team at a community nonteaching hospital significantly correlated with a decrease over time in LOS and 30DR for patients with diabetes co-managed by the IDMS team. Inpatient glucose management remains an important area for patient safety, quality improvement, and clinical research, and the implementation model should guide other community hospitals in their glucose management initiatives. Implementing programs like the IDMS may result in better patient care, shorter LOS, reduced 30DR, and potential health care cost savings.
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